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ABSTRACT 
Tires made from rubber is one of the types of polymers (Polystyrene), which can be recycle for processing 
of waste tires into energy that is by means of cracking process. This process takes place at high temperature 
so it takes a catalyst. Catalyst acid zeolite and silica was able to increase the process of pyrolysis by means 
of lowering the temperature and time of decomposition, so obtained results in the form of liquid fuel. 
Method in the writing this scientific paper is a research method which consists of stages the design of 
equipment, research and analysis phase of the product. At the beginning of the study, the variables vary is 
the weight of the catalyst with the aim to get the weight of the optimum catalyst that produces the maximum 
product. From the weight variation the catalyst is done (5:1, 5:2, and 5:3) the volume of product that most 
i.e. in the ratio of raw materials and catalyst 5:2. At later stages done temperature variations in the ratio of 
raw materials and optimum catalyst (5:2) i.e. 450, 550, and 650°C. From the results of the experiment 
produced optimum temperature i.e. 550°C with product volume 220 ml. Based on the results of the analysis 
of such product approaching nature physical on diesel fuel with the density of the product of 0.815-0.88 
gr/ml, and the heat value of the product is at the range 10496,18-14227,93 cal/gr.  
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I. INTRODUCTION 
Energy is a component that humans always need to 
meet their daily needs because almost all human 
activities depend on the availability of energy. It cannot 
be denied that the current energy needs are increasing as 
the population grows and technological progress. Given 
the fact that we are still dependent on non-renewable 
energies, such as petroleum derived from fossil energy, 
this results in the depletion of energy availability 
because the population is directly proportional to the 
energy needs. 
In recent years, energy is a crucial issue in the world. 
Increased energy demand caused by population growth 
and depletion of sources of energy reserves, especially 
world oil and some emissions from fossil fuels put  
 
pressure on each country to produce and use renewable 
energy immediately. In addition, the increase in world 
oil prices to reach 100 U $ per barrel is also a serious 
reason that affects many countries in the world, 
especially Indonesia [1]. 
To reduce dependence on fossil fuels, the government 
has issued Presidential Regulation No. 5 of 2006 on 
national energy policy to develop alternative energy 
sources in lieu of fuel oil. One innovative that can be 
developed to overcome this problem is by utilizing waste 
tires that can be converted into fuel [2]. 
Indonesia is one of the largest rubber-producing 
countries in the world, in 2010 producing 2.5 million 
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tons of rubber, mostly from people's plantations. Badan 
Pusat Statistik (BPS) said in 2013 rubber production in 
Indonesia reached 3 million tons. In Indonesia, rubber is 
one of the leading agricultural products because it 
supports many of the country's economy. With the 
increase of Indonesian rubber products, the increase in 
the tire industry whose main material is rubber also 
increased. Along with that the existence of used tires that 
have been used more and more are of course a problem 
in environmental pollution. 
The use of environmentally minded tires has received 
much attention. Efforts to destruction by burning the 
usual way it produces harmful pollution impact because 
it adversely affects human health. If thrown away, tires  
will certainly pollute the surrounding environment 
considering the old tires cannot decompose easily 
biologically [3]. 
Therefore, it is necessary to do a business that can 
turn waste tires into something more useful. Rubber 
based tires are one type of polymer (Polystyrene). 
Polystyrene cannot be easily recycled so Polystyrene 
waste treatment must be done properly so as not to harm 
the environment. Polystyrene is a molecule that has a 
mild molecular weight, formed from a styrene-like 
monomer. Excess Polystyrene is light, hard, heat 
resistant, slightly stiff, not easily broken, and non-toxic. 
This cracking process takes place at high temperatures, 
so a catalyst is required to lower the temperature and 
shorten the processing time that will eventually be 
produced by fuel oil [4]. 
Thus, the process of cracking Polystyrene is in 
addition to reducing waste tires that can pollute the 
surrounding environment can also be used as a raw 
material for making energy alternative. From the above 
background, the authors are interested to conduct 
research on the issue of increasing tire waste as raw 
material for the manufacture of alternative fuels. 
 
 
 
II. METHODS 
A. Time and Place implementation  
The implementation is done in the Chemical 
Engineering Laboratory of the State Polytechnic of 
Sriwijaya. 
B. Equipment Design 
Figure 1. The Series of Pyrolysis Equipment with 
Catalytic Cracking Technology 
Detailed explanation of the tool components: 
 
1. Construction of pyrolysis furnace reactor is a 
stainless steel-based reactor covered by heater. 
The pyrolysis furnace reactor has a length of 35.5 
cm and a width of 10 cm. The material 
configuration inside the reactor is the upper part is 
the acid zeolite catalyst, the middle part is the 
used tire and the bottom is a silica catalyst. 
2. Condenser construction is cylinder and vertical 
coolant reactor and spiral inner flow pipe. The 
condenser has a length of 35.5 cm and a width of 
12 cm. 
Acid	Zeolite	
Catalysts	
Waste	Tires	
Silica	Catalysts	
Pyrolisis-furnace	
reactor	
Condenser	
Panel	box	
Cooling	water	tank	
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3. Construction of cooling water container is a 
plastic-based container with a length of 37 cm, 30 
cm wide and 23 cm high. 
4. Optimum temperature this equipment is 550°C. 
 
Figure 2. Material Configuration in the Reactor 
C. Methods of Research 
Tools and Materials 
The Materials used: waste tires (5 kg), Acid Zeolite 
catalyst (150 grams), Silica catalyst (150 gram) and 
aquadest (1 liter). The tools used : A set of catalytic 
cracking reactor (1 kg capacity), termosetting, scissors, 
viscometer, piknometer, flash point apparatus and scale.  
Procedure 
1. Cut small pieces of rubber tires with size 1 cm x 1 cm 
2. Considering rubber tires that have been cut as much as 
1 kg 
3. Weighing the catalyst of acid zeolite and silica 
according to variation 
4. Insert the materials into the reactor by placing the 
silica catalyst placed at the lower end of the reactor, 
while the acid zeolite catalyst is placed at the top end 
of the reactor. 
5. Conducting the pyrolysis process by heating the 
reactor using a heater with a predetermined 
temperature variation. 
6. Steam formed from the top of the reactor to the 
cooling back through the heat-resistant hose, while the 
wax that comes out through the bottom of the reactor 
is accommodated in a beaker glass 
7. The experiment is considered to be over if no more 
steam is flowing or wax is dripping. 
8. The resulting liquid product will be analyzed its 
physical properties include density test, viscosity test 
and flame point test. 
 
Treatment and Research Design 
This research stage is at the same time the stage of 
operation of the equipment. Material used in the form of 
scrap tires that have undergone the process of reducing 
the size of which will then be done pyrolysis process 
using acid zeolite and silica catalyst. This research stage 
was done 7 times experiment with variation of catalyst 
weight, temperature, and time. The treatment and 
research design of liquid fuel from used tire rubber by 
using acid zeolite and silica catalyst as follows: 
 
 
III. FINDINGS AND ARGUMENTS 
 
In this research produced a prototype used to produce 
liquid fuel with used tire rubber as the main raw material. 
In this study the desired product is a liquid product used 
as a liquid fuel. 
At the beginning of the study, the variables varied 
were the weight of the catalyst in order to obtain the 
optimum catalyst weight which produced the maximum 
product. From the variation of catalyst weight (5: 1, 5: 2, 
and 5: 3) the highest volume of the product is in the ratio 
of raw material and 5: 2 catalyst which produce the 
product as much as 82 ml. This is because at the ratio of 
5: 1 the number of catalysts used is less optimum because 
of the considerable weight difference between the 
catalyst and the raw material, whereas at a ratio of 5: 3 
the amount of catalyst is quite large / exceeding so that 
the vapor that leads toward the condenser is blocked by 
the pile A large amount of catalyst. At a ratio of 5: 2 the 
role of this catalyst is to increase the product conversion. 
In the next stage, temperature variations in the ratio of 
raw materials and optimum catalyst (5: 2) are 450, 550, 
and 650°C. From the experiment result, the optimum 
temperature is 55 °C with 220 mL product volume. At 
450°C the results obtained are not as much as at 550°C 
because at this temperature there is still some 
unconverted tire raw material and still in the form of 
R
u
n 
Temperature 
(C) 
Weight 
of Tire 
waste 
(gr) 
Weight 
of Silica 
Catalyst 
(gr) 
Weight 
of Acid 
Zeolite 
Catalyst 
(gr) 
Time 
(hours) 
1 450 500 500 100 2 
2 450 500 500 200 2 
3 450 500 500 300 2 
4 550 500 500 200 2 
5 650 500 500 200 2 
6 550 500 500 200 1 
7 550 500 500 200 3 
Acid	Zeolite	
Catalysts	
Waste	Tires	
Silica	Catalysts	
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small chunks. From result of analysis of liquid fuel 
product got result which tabulated in table below: 
Based on the analysis on the fuel product in terms of 
density, flash point, and calorific value, the product 
approaches the physical properties of diesel fuel. The 
density of the analyzed product is in the range 0.8332-
0.8688 gr/ ml close to density in diesel fuel that is 0.815-
0.88 gr/ ml. But for the flash point is still below the value 
of the flash point solar. This is because there are still 
impurities in the product that cause the flame to be faster. 
On the calorific value of the product is in the range 
10496,18-14227,93 kal/ gr is also close to the calorific 
value of diesel fuel. By reviewing the physical properties 
of this product, it can be concluded that the most 
dominant component in the product is solar, but there are 
other components such as paraffin, olefin, etc [4]. 
The acquisition of these diesel fuel products could 
potentially cope with the fuel crisis as well as to tackle 
the more widely used tire wastes. By utilizing this 
technology, for the foreseeable future diesel production 
raw materials can be easily obtained without worrying 
about the fuel crisis. 
 
IV. CONCLUSION 
Utilization of used tires as fuel oil producers 
certainly can potentially in the handling of fuel crisis 
besides can reduce the accumulation of tire waste in 
South Sumatra, especially in Palembang City. The 
physical properties of the fuel produced close to the 
physical properties of the diesel fuel so that it can be 
utilized as a substitute for diesel fuel sourced from 
petroleum 
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